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CHAPTER I

EXECUTIVE SUMMARY






i. EXECUTIVE SUMMARY

For your convenience, we have prepared this summary of
data analysis and findings on proper abandonment and plugging.
Our objective was to assist EPA in resolving issues raised
in the public comments on the proposed abandonment regula-
tions and in completing rule making. To achieve this ckjective,
we reviewed the public comments and abandonment literature
and conducted telephone and field interviews with operator
and state representatives, surety companies, and well
service companies. Exhibit I-1 summarizes the key guestions,
our principal findings, and recommendations.

1. PROCEDURES FOR PROPER ABANDONMENT

In response to public comments on the proposed require-
ments, EPA reqguested that we examine current state abandonment
reguirements and industry practice and evaluate the proposed
reguirement for achieving static equilibrium with the mud
weight equalized top to bottom of the well.

(1) Current State Requirementsl

Our examination of the regulations of 37 states
showed substantial similarity among the states. All
but Alaska and Nevada require the operator to inform
the state of its intent to abandon and to receive approval
of proposed plugging procedures. At least 49 percent
require the operator to file a plugging affadavit or
report. In addition, at least 38 percent elther reqguire
or retain the option of having a state representative
witness the abandonment. All states except Kentucky,
Ohio, and Pennsylvania require cement pluas. The state

a

requirements do wvary with respect to the number and
placement of pluus. EZxhibit II1-1 summarizes the state
regquirements, and Aprendix A contalns defalled infor
en the plug settine recgulrements of 13 shates.
{2} Abandonment crocedures

Abandonment rolors to the vl ion oo e T

aradcement plucs gt oselectod denthia dnoods the b




KEY QUESTION

FPINDING

RECOMMENDATION

What 1is the feasibility of
EPAR's proposed mud weight
equalization requivement?

Establishment of static equilibrium
with the mud weight egualized top
to bottom is good engineering
practice and cssential to obtaining
proper setting of cement plugs.

EPA should retain the requirement
clarifying its applicability only to
the well preparation phase of
abandonment .

What is the feasibility of
aquifer restoration?

Restoration based on water use
appears possible while restoration
to baseline does not; more efficient
and economical techniques may emerge
as operators have more experience
with restoration.

EPA should not adopt a requirement
for restoration; instead, it should
issue technical guidance on restora-
tion to the states and allow them

to decide whether or not to adopt
such a requirement.

I

-

.
What are the incremental
costs of proposed abandon-
ment requirements?

State abandonment requirements,

other than financial responsibility
ones, are applicable to at least 82%
af Clacs T and 97¢ of Class IT wells

of Class 1 ana Y/% OL ,CidSs 14 Wel

only three states allow plugging

‘

materials other than cement; therefore,

incremental costs, if any, will be
low.

EPA need not revise the proposed
regulations on the basis of incre-
mental cost.

flow will the proposed
financial responsibility
requirement affect operators?

Current Class Il financial responsi-
bility requirements in 84% of the 37
states examined cover only 47% of
operations, since Kansas has no
requirement and Texas has an optional
one; therefore, the proposed regula-
tion will pose a new obligation for
some operators.

EPA should retain the financial
responsibility requirement, allowing
states to determine acceptable
alternatives, thus reducing the
potential cost impact on operators;
EPA should issue technical guidance
on the appropriate use of each
alternative.

What is the need for immediate

abandonment:?

Excessive delay in abandonment
promotes improper abandonment due
to regulatory agency difficulty

in tracking well location and
status; however, premature abandon-
ment can hinder mineral and energy
production.

EPA should adopt the practice of
some states in setting a time period
within which operators must recom-
mence operations or abandon the well.




2.

consisting of well preparation and plug setting.”

Well preparation involves cleaning the well and estab-
lishing a mud system. Plugging involves either cementing
the well top to bottom or setting various plugs. Only
about 15 percent of all wells are cemented top to bottom.
For the remaining wells, the better service companies
typically use one of three methods:

. Balance Method
. Cement Retainer Method
. Two~-Plug Method.

These methods, described in detail in the following
chapter, vary in application according to the casing design
and pressure characteristics of the formations influencing
the well.

(3) Mud Weight Equalization

Achievement of static equilibrium of the mud with
the weight equalized top to bottom is an essential step
of the well preparation phase. Its objective is to
prevent any contamination or breakup of the cement which
would weaken it and result in a poor plug. Indicators
of the achievement of static egquilibrium are the exclusion
from the well of fluids and gasses. Once plugglng 1is
completed, maintenance of static equilibrium is no longer
necessary.

AQUIFER RESTORATION

In the preamble to the proposed regulations, EPA sug-

gested aquifer restoration as one means for protecting under-
ground sources of drinking water from contamination by Class
III operations. Based on our review of current state and
industry practice, we concluded that at the present time
while restoration based on use is feasible, restoration to
baseline vnrobably is not. However, development of more
efficient and economical restoration processes is likelw.

{1 State Practice

We examined four states, Coleraco, Now Mewico,
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According to our data, aquifer restoration technigues
have been applied only to in situ uranium operations.
In the four states examined, all restoration projects
have been pilot scale, and in most instances the restora-
tion has occurred at the sites of pilot scale in situ
uranium projects.

(2) Evaluaticn of Technigues

Three techniques proposed or tested on a pilot
scale are:

. Pumping of selected leach field wells

. Pumping in combination with injection of
various types of water

. Natural restoration.

Based on our examination of the case studies presented

in detail in Appendix C, we found that pumping has been
partially successful in achieving restoration based on
water use. Pumping in combination with injection of
natural groundwater has no particular advantage while
injection of treated leach field water has been successful.
The concept of natural restoration is untried.

3. ABANDONMENT COSTS

. In order to complete its rule making record, EPA requested
data and analysis on the unit and category costs of permitees

abandoning wells in Classes I-III and on the extent to which

these costs exceeded those associated with current state re-~

quirements. In addition, the agency requested data on the

costs to operators of carrying out the propcsed closure of

all Class IV wells.

Our principal finding was that incremental costs are
likely to be small since state regulations cover at least
82.8 percent of Class I and 97.4 percent of Class II wells.
They are likely to occur only in those states which do not
have a program or have an unacceptable program, or allow -
plugging materials other than cement. However, we also con-
cluded, based on the detailed unit cost tables in Chapter IV
and our review of the literature, that abandonment costs are
only a small portion of the total cost of drilling, construct-
ing, and operating a well. In addition, for Class IV, be-
cause of the lack of data on types and numbers of wells and
volumes of waste, we prepared only partial unit cost estimates.*

* The total unit costs would include those associated with alter-
native treatment/disposal methods.

I-4



Finally, without data on the projected rate of abandonment
and the distribution of wells by depth and diameter, we
were unable to calculate category costs in all four classes
of wells.

4, FINANCIAL RESPONSIBILIT

Approximately 20 commenters expressed concern with the
cost of obtaining individual well performance bonds in order
to comply with EPA’'s proposed financial responsibility re-
guirement. Accordingly, we identified four alternatives for
demonstrating financial responsibility:

. Financial statements
. Performance bonds

. Escrow accounts

. Trust funds.

We identified current Class II requirements for 37 states
and only limited data on Class I and III wells. Finally,
we evaluated each option in terms of operator cost, ease of
implementation, and effectiveness.

(1) State Requirements

Based on our limited analysis, we have concluded
that in some states the Federal requirement may lmpose
a significant new obligation on operators. The cost
of this obligation will vary, as shown in Exhibit v-2,
according to the option used for meeting the reqguirement.
We found that although 84 percent of the states have a
financial respcnsibilityv requirement for Class II wells,
Texas and Kansas, two states with high concentrations
of Class II wells, do not. However, Texas has the option
to impose such requirements on a case-by-case basis.
With respect to Class I and 111 coperations, our limited
data suggests that there are financial responsibillity

regquirements, and that overators tvpically comply by
securing a performance bond. A fow states, such as
Kansas, Oregon, ‘Vashincoton, and Wisconsin allow escrow
accounts and trust ; bbut these agenera.ls cover
liakhility rather than porformancoe.




{2) Evaluation of Alternatives

Of the four alternatives, performance bonds generally

appear to be the most consistent with EPA's objective of
promoting proper abandonment. The possilbiilty of for-
feiting collateral provides operators with an incentive
to comply, and when noncompliance occurs, funds are
available for proper abandonment. Since so many states
currently require performance bonds and surety companies
evaluate the operator's financial status, this option
places little incremental burden on the manpower resources
or technical capability of the regulatory agency.
Finally, although it is higher in cost than financial
statements, it is typically lower in cost than trust
funds or escrow accounts. As Chapter V explains, the
effectiveness of other alternatives apparently varies
according to the wording of the state regulations and
the vigilance of enforcement.

Our principal recommendation is that although per-
formance bonds generally are more effective than other
alternatives, EPA should not change its proposed regu-
lations substantively to preclude the use of those
alternatives. Rather, through technical guidance, EPA
can inform its regional offices and the states of the
operation and mecst effective application of each
alternative.

5. TIMING OF ABANDONMENT

Industry is concerned that the propcsed rules will reguire
abandonment immediately upon cessation of operations and that
such a requirement will lead to loss of assets. Although
the regulations do not in fact pose such a requirement, in
order to address this concern, we examined the advantages
and disadvantages of immediate abandonment and developed and
evaluated alternatives. Exhibits VI-1 and VI-2 summarize
our analysis. Based on this analysis, our recommendation
is that EPA adopt the practice of Kansas, Illinois, Michigan,
Texas, and Utah by setting a maximum time period within which
an operator must either recommence or abandon his well.
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II. PROCEDURES FOR PROPER ABANDONMENT
OF CLASS I-III INJECTION WELLS

The proposed regulations for Class I-III wells require
abandonment, according to procedures prescribed by the program
director, which will preclude the migration of fluids into
or between underground drinking water sources. In addition,
the proposed regulations set a minimum reguirement that the
well "be in a state of static equilibrium with the mud weight
equalized top to bottom, either by circulating the mud in
the well at least once or a comparable method prescribed by
the Director, prior to the placement of the cement plug(s)."

Commenters on the abandonment proposals did not under-
stand the proposed requirements, particularly with respect
to achieving static equilibrium and mud weicht egualization.
In order to complete its rulemaking, EPA requested & compre-
hensive description of current state and industrv abandonment
and plugging practices and an evaluation of the mud weight
equalization requirement. Our first step in responding to
EPA's regquest was to prepare a master list of all steps in
the abandonment process and to review it with senior personnel
from Halliburton Services, one of the major well service
companies. Next, we reviewed the abandonment require-
ments of selected states as well as scme of the liter-
ature on abandonment requirements. Based on our analvsis of
this data, the remainder of this chapter presents a description
ancd evaluation of plugging methods, material and egquipment
used, and tvpes of problems tvpically encountered.

1. SUMMARY OF STATE REQUIREMENTS

Although the general abhandeonment reguirements are similar
in most states, the spocific recuirements for plue tvpe and
setting methods vary considerablo . Exhibit 17-1 presents an
overview of state requirements and Appendix & prosonts

i
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the operator to inform the state of its intent to plug and
to receive approval prior to plugging.l At least 49 percent
(18) reguire the operator to file an affadavit or report of
plugging specifying the locaticn, *time, and method of plugging.
Ir addition, at least 28 percent (14) either reguire or re-
tain the option for a state representative to be present at
abandonment.

Of 13 states reviewed in detail, we found considerable
variation 1n required plugging procedures. While most
required cement plugs, 3 allowed plugs composed of other
materials. Kentucky, for example, allowed any other seal
approved bv the state. Ohioc permitted the use of sediment,
seasoned wood, properly prepared clay, or lead, in additiocon
to cement. Pennsylvania allowed sand dumpings or mud in
addition to cement.

2. REVIEW OF ABANDONMENT PROCEDURES?

Procedures for proper abandonment are similar for
Class I-III injection wells and also are applicable to other
types of wells. The ones we discuss here address wells
equipped as follows:

. Casing only
. Casing and tubing
. Casing, tubing, and packer.

Further, they take into consideration four different casing
configurations described in detail in Appendix B.

Abandonment of an injection well basically means the
installation of one or two mechanical and cement plugs at
selected depths 1nsice tne well 1n order to prevent vertical
migration of fluids. The process consists of two phases,
well preparation and plug placement. Well preparation in-
volves cleanina the well and establishing a mud svsten.
Pluuging consiste of either cementing +*he well top to botoom

or the placement cf plugs at depths specified In state
recgulations or approved on a case by case tasis. Accordina
to Hﬂ11¢u41‘ﬁﬁ only about 15 puercent of all Lls ar
settom. This fi-mure inc Class 117
ailnder of this chaptay s detail
~ntoC) I TT, omed 170 Vle,
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(1) Class I and II Well Preparation

Two initial steps are common to all Class I and II
abandonment operations. The first step is to move in
a work-over rig of a size and power commensurate with
the well depth and diameter. The next step 1is to
remove anv injection tubing in the well. Where there
is tubing and a packer, it is possible either to remove
both or to cut off the tubing above the packer after
placing a ball valve in the seating nipple of the tubing.

Subseguent steps depend upon the condition of the
casing If the well casing above the cut coff tubing
and packer is in good condition, it is possible to
complete abandonment by placing a cement plug on top
of the pacxeL, thereby eliminating the need for a mud
system in static equilibrium and mechanical plug. In
cther cases, the next step is to clean out the hole to
the bottom. Although this procedure typically is quick,
it could involve removal of debris with a trash basket
or fishing operation. The fishing could be simple or
long and arducus. Proper cleaning of the hole is
necessary to set plugs properly

After cleaning the hole, the next step is to

establish a mud system and, by circulating it, to
achieve static eguilibrium. Indicators of the achieve-
ment of static eguilibrium are the absence of mud movement

e exclusion of those fluids and gases which would
se mcvement. The impcrtance of achieving static
uilibrium is to prevent any contamination or break-
up of the cement which would weaken it and result in a
pcorly set plug. In wells under pressure, the mud can
be weighted through the use of additives such as salt
cr a blowout preventer can be used to overcome the
pressure. When a blowout preventer is used, pressure
occurs on its underside but the mud, nevertheless,

can be circulated to static equilibrium.

The final step in well preparation is to preparée
the casing wall or wall of the open hole for cementing.
The lower portion of the tubing or drill pipe that is
lowered in the hole to set the plug and cement should
be equipped with centralizers and roctating wall
scratchers. The rotation of the scratchers cleans the
bore to accomplish better bonding, allows bypassed mud
to mix uniformly with the cement, helps to minimize or
prevent the formation of channels in the cement, and
minimizes mud contamination. This tool may be used
with a scouring type chemical wash which will flush
the sides of the well.

t
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|
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(2) Class I and II Plug Placement

The circumstances under which static equilibrium
of the mud system has been achieved will affect the
manner of plug prlacement. If the mud has been brought
to static eguilibrium without the use of a blowcut
preventer, the mechanical plug(s), on top of or through
which cement is placed, are lowerad very carefully
through the motionless mud to the desired depths.

After the bottom plug has been set, cement displaces
part of the mud at the surface to form a surface plug.
After proper plugginc, maintenance of static ecuilibrium
is no longer important since 1ts principal purpose was
to prevent the mud from separating and contaminating

the cement used for plugging.

Where a blowout preventer has been used, the plugs
are set through the preventer. The upward pressure
on the underside of the blowout preventer has subsided
so that the blowout preventer can be removed and a
surface cement plug installed.

Several methods of plug installation are available.
Of these, the Balance Method i1s used most commenly, but
the Cement Retainer and Two-Plug Methods alsc are used

regularly. Each of these three methods is cdiscussed
below.

1. The Balance Metnod

This technique involves the sct
bridge plug in the bottom of the casing
other predefermined point that may re al
bottom of the casing or in the open hol
thc casing. The cement slurry 13 pumpe
drill pipe or tubing and back 0
height that will balance the
outside the pipe The pivc i
out of the ton of il

a consideraple dis
cement, the vipe 1

ne cement

i -

ance above the

cleanced v roverae




annulus area as possible outside of the cement pipe.
This will allow the cement pipe to be pulled from
the well without causing an excessive drop in the
cement or a surge of the cement plug, thereby
decreasing the chance of mud contaminaticn.

It is essential that the mud system be in
static equilibrium as any f£luid movement can cause
a poor plug.

2. The Cement Retainer Method

This technique involves the installation of
a cement retainer plug within a cased hole. The
cement can be placed through the cement retainer
plug so that the formations below the plug can be
squeezed with cement. After the cementing of those
formations, the cement retainer can be closed at
the bottom and the cement pipe backed off from the
top of the retainer. Cement then can be placed
on top of the retainer by slowly withdrawing the
cement pipe above it. The advantages of this
system are:

. Placement of the cement belcw the re-
tainer, assuring an effective plug upon
closing the retainer valve

. Forcing of the cement into the formation
without subjecting the old casings to
high pressure

. Maintenance of good control of the
cement

. Preclusion of gas percolations from the
formations up past the retainer, allowing
setting of the cement above the retainer
without any gas diffusion

. Performance of pressure testing immedi-
ately after the retainer is set.

The method is one that is highly regarded for
placing cement under pressure into a producing
formation or injection zone, either through an
open bore hole or through casing performations
Or screens.

IT1-6



3. The Two-Plug Method

The principal use of this method is in an

open hole, utilizing a plug catcher intoc which two

separate plugs are injected. It is designed to
allow a bottom cementing plug to pass through the
plug catcher and out of the tubing or drill pipe.
Cement is then pumped out of the string at the
plugging depth to fill the annulus. The top plug
is introduced into the cementing string and, when
it lands in the plug catcher, causes a sharp rise
in the surface pressure indicating that it has
closed off the plug catcher. This bottom plug is
latched into place tc prevent the cement from

backing up into the string, but it permits reverse

circulation when required. The design permits
pulling the cement string up after cement place-
ment to cut off the plug at the desired depth by
reversing circulation through the plug catcher,
thus allowing excess cement to be reversed up and
out of the tubing. The cement string is then
vulled, leaving a cement plug that should last
indefinitely.

(3) Abandonment of Class III Wells

The relative shallowness and small diameter of
Class III wells has resulted in abandonment practices
which typically differ in several respects from those
of Class I and II wells. Generally, Class III wells
are easler and less expensive to cement top to bottom

using no plug or only an inexpensive rubber plug. Thus,

a work-over rig would be the only piece of egquipment
needed, whereas abandonment of Class I and II wells

requires both work-over and cementing rigs. TIn additi
in many instances of Class III well abandonment, there

1s no need for drilling mud.
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III. AQUIFER RESTORATION

In the preamble to the proposed regulations, EPA
identified aquifer restoration as one means under consider-
ation for protecting underground sources of drinking water
from contamination by Class III practices. The Agency
stated that solution mining of uranium, and some other
Class III practices, utilize solvents and other chemicals
which can decgrade the quality of groundwater in the mining
area., Although the shallow aquifers in which Class III
practices occur typically are not used for human consumption,
contamination of hydraulically connected portions of the
aquifer which are drinking water sources can occur.

EPA solicited public comment and sponsored additional
investigation of aguifer restoration practices because of
its concern over the technical feasibility and cost of the
technology.
requirements and pilct projects

Based on our review of current state and industry
practice, we concluded that while restoration based on water
use appears feasible, restoraticn to baseline is difficult,
1f not impossible. However, since aquifer restoration is
a relativelv new and experimental technolocy, the developn-
ment cf more efficient and econcmical processes is likelvw.

1. STATE PRACTICE

The four states which presently
ration at in situ uranium leaching si
resteration criteria. As Exhibit II
Texas have established reogulrements
Dasis whereas New Memxico and
on water uso In Colorado,

cf the roturn of
norcent of bhaseline

itional orite
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Aquifer Restoration:

EXHIBIT

IrI-1

Current State Practice

STATE

RESPONSIBLIN AGENCY

PRINCIPAL
AUTHORITY

In Situ Uranium Leaching Sites

RIESTORATION CRITERIA

RESTORATION PROJECTS

Colorado

Department of Health
(Water Quality Div.)

New Mexico

Department of
Health (Environ-
mental Improvement
Division)

. Water Quality
Control Commission

. U.S. Geoloyical
sSurvey

Water Quality .
Control Act

-
Water Quality
Act

SREEEIS VNG N —

No overall criteria or
guidelines

For pilot project, return
of TDS to within 10% of
baseline

Wyoming Mineval Corp.
pilot project at
Grover

No restoration required if
TDS baseline exceeds
10,0600 mg/1

Where baseline is

10,000 mg/l or less TDS:
-Restoration to baseline if
baseline exceeds water
quality standard
-Restoration to standard if
baseline is less than or
equal to standard

Mobile 0Oil Crown
Point project in
McKinley County

ulatory Commission

. Wyoming Department
of Natural
Resourcces

Quality Act

use, usually to livestock
watering or irrigation
standards

Texas . Department of Water Quality . Project specific criteria Several pilot scale
Water Resources Act but philosophy is to require projects; no full-
restoration to average scale ones
. Department of .
. baseline
Health
Wyoming . U.S. Nuclear Reg- Environmental . Criteria based on water rilot scale projects

at pilot and full-
scale leaching sites




Both New Mexico and Wyoming have different approaches
to restoration based on water use. Regulations promulgated
by the New Mexico Water Quality Control Commission state
that water with a baseline of a TDS concentration in excess
of 10,000 mg/1 is unusable for drinking water or agriculture
and does not require restoration. However, for water con-
taining less than 10,000 mg/l TDS, the Commission has set
water quality standards for three categories of usage.

When the baseline value exceeds the appropriate water guality
standard, restoration is to baseline; where it 1s egual to
or less than the standard, restoration must achieve the
standard.l In the one existing case, a simple numerical
average of all water samples taken from the ore-bearing
sandstone represented the baseline value. Wvoming, by con-
trast, has not yet developed groundwater standards. The
Wyoming concept is to require restoration to a level that
will permit the water use that existed prior to leaching.
Because water guality is often poor in the ore-body portion
of ore-bearing strata, restoration requirements usually

are based on livestock watering criteria or irrigation
criteria. A specific vrovision of the Environmental Quality
Act 1s the requirement for a bond to allow accomplishment

of restoration by the State, should the operator fail to

A~ o~
U DU .

While the extent of restoration activity in each state
has varied, all projects have been pilot scale. In Colorado,
the Wyoming Mineral Corporation has completed restoration
at its pilot scale uranium leaching site near Grover. New
Mexico also is the site of one pilot scale leaching opera-
tion, Mobil 0il's Crown Point Project in McKinley Countw,
which started up the week of November 5, 1979. Restoration
at that site is not likely to begin before late 1980. Bv
contrast, Wvoming has had several pilot scale leaching
projects, and presently has two full-scale operations sub-
ject to both Federal and state regulation.?Z




Since Wyoming reguires evidence of the ability to
restore, based on pilot scale experience, prior to issuance
of permits for full-scale operations, i1t can be concluded
that the state has been satisfied with the results that have
been obtained in the restoration of pilot areas fcr at least
the two current full-scale operations. Acceording to Gary
Beach, of the Wyoming DEQ, some areas of the Wyoming Minerals
Irigaray full-scale leaching site have probably gone to the
restoration stage, since that project has now been 1n
operation for over one year.

2. EVALUATICON OF ACUIFER RESTORATION METHODS

Restoration means the reduction of the concentrations
of dissolved minerals within the leaching field and adjoining
portions of the aguifer to levels acceptable to and set by
regulatory agencies. Techniques which have been proposed,
or tried on a pilot scale, include:

. Pumping of selected leach field wells
. Pumping in combination with injection
. Natural restoratiocn.

On the basis of the results of pilot projects together with

a consideration of geological and geochemical principals,

we have concluded that restoration of all parameters to kase-
line is guite difficult, if not impossible; however, restora-
tion to water quality standards based on water use is feasible.
In the remainder of this section, we summarize information

on aquifer restoration techniques and cases previously pre-
pared by Geraghty and Miller for the Nuclear Regulatory
Commission.

(1) Pumping of Selected Leach Field Wells

The initial concept of leach field restoration,
as developed in Texas, involves only the pumping of

1 Ground-Water Elements of In Situ Leach Mining of Uranium, prepared
by Geraghty and Miller for the Nuclear Regulatory Commission
(NUREG/CR~0311), August 1978. Chapter 6 of the report, "Methods
of Acuifer Restoration," is reprinted in Appendix C of this report
on proper well abandonment.




selected wells after cessation of lixiviant injection.
The purpose of the pumping is to draw uncontaminated
groundwater from outside the leaching field in order

to displace the iniected lixiviant and the constituents
mobilized bv it. In theory, this groundwater should
dispiace the lixiviant completely, producing a water
guality that is the same as the average baseline
quality.

Data from the Exxon Company's Highland Uranium
Mine show that although vumping improved the water
guality resulting from the solution mining, it did not
restore all parameters to baseline. Uranium concen-
trations showed an irregular, but clear tendency,
toward reduction but remained significantly above the
average baseline value. Carbonate and bicarbonate
levels alsc declined significantly, with the bicarbonate
level reaching baseline. Radium-226 was originally
high and declined somewhat. Also, selenium concen-
trations decreased significantlv, whereas arsenic
levels did not.

There are three principal reascns for the only

- mamd 4 o~ Y v e g n g 4 TN e n PO TR . I I FR.
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of the tvpe in which uranium leaching is practiced are

naturally inhomogeneous and commonly include preferred
pvaths of fluid flow. Thus, during restoration, while
the inflowing groundwater readily will sweep contami-
nants from these preferred paths, it will bypass other
contaminated areas. Removal of the bvpassed water will
occur slowly later in the resctration. Second, some
ions which adsorb to minerals such as clay begin to
desorb during restoration. Since the desorption process
is verv slow, the ions remain in the water for a long
time. Finally, the leaching process disturps the
existing chemical equilibrium, and pumpling may not be
able to reestablish it.

(2)  Pumping In Combination Wi

A osocond restoration
UMD with the simultanes

- e [P
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Injection of natural groundwater appears to have no
advantages since pumping alone draws in natural ground-
water at less cost and technical difficulty. In con-
trast, Wyoming Mineral Corporation achieved significant
concentration reductions at its Irigaray, Wyoming site
with the injection of treated leach field water.
Treatment and reinjection of the pumped water also has
the advantage of reducing the amount of contaminated
water that must be disposed. One digadvantage, how-
ever, 1s that injection of water would introduce oxygen
which would cause continued oxidation and mobilization
cf uranium and other methods, unless some form of de-~
aeration precedes injection. A third variation, the
injection of water containing chemicals such as reducing
agents to remove uranium and trace metals from solution,
is not known to have had a field application.

(3) Natural Restoration

The concept of natural restoration is as vet
untried and appears to have at least three difficulties.
It is based on the belief that reprecipitation, ion
exchange, adsorption, or reduction will result in th
removal of most of the objectionable contaminants
resulting from the leaching process. In other words,
it relies upon the restorative cavacity of the ore-
bearing stratum and the uncontaminated groundwater.
However, there is difficulty in predicting the time
and distance reguired for effective contaminant removal,
the degree of removal achievable, and the ultimate fate
of some ions and elements such as chloride and ammonia.
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IVv. COSTS OF ABANDONMENT

The proposed regulations contain no specific technical
requirements for abandonment, other than the one described
in Chapter III for achieving static equilibrium. Analyses
prepared in support of those proposals did not address
abandonment costs, and commenters on the regulations did
not object to the costs of proper abandonment procedures.

Nevertheless, in order to complete the record, EPA
requested a detailed definition of both unit and category
costs of proper abandonment. In conducting this research
for EPA, we had two objectives:

. Develop costs of abandoning Class I-IV wells

. Determine whether the proposed reculations impose
incremental costs to operators for abandonment
~E M A~ T TT o~ - TTT 11 ~ 1
L iAo o Ly L, 1l PR WS L.

Our approach first was to define the principal abandonment
steps and their cost based on literature review, professional
experience, and interviews with well service companies.

Next, we reviewed current state regulations and interviewed
state officials to ascertain the additional reguirements
which Federal rulemaking would impose.

Based on our data collection and analysils, we arrived
at the following principal findings. First, incremental
costs appear to be small since of 37 states surveved,

Tm =
i

:21f have extensive abandonment reculations cover
82.8 percent of the reported Classg s and 97.4 pe
of reportod Class IT wells. State officials ronoried
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tvplcally the state either had or COplne abandonment
regqulacvions for Classes ind DT atror Class 17
rogqulronents. s
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the former situation, a significant number of operators
already follow good engineering practice when abandoning.
The latter situation may occur in states such as Pennsylvania,
Ohio, and Rentucky where, in contrast to the proposed EPA
rules, plugging materials such as sediment, lead, seasoned
wood, and clay are permissible plugging substitutes for
cement. Second, abandonment costs for Classes I, II, and
IIT appear small relative to other costs such as drilling,
construction, and operation. It is important to note, how-
ever, that the relatively small experience with Class III
cperations makes unit cost estimation difficult. Finally,
we had difficulty estimating Class IV unit costs and did
not develop category costs since the lack of data on types
and numbers of Class IV operations precluded estimating the
costs of alternative treatment methods.

1. UNIT COSTS OF ABANDONMENT

The cost for injection well abandonment varies according
to the depth and diameter of the well, the condition of the
casing and other materials in the well, and on any procedures
that may have to be taken to clean out or otherwise prepare
the well prior to plug installation. For Class I, II, and
ITI injection wells, we have been able to make some general
observations about well depth and diameter,l as shown in
Exhibit IV--1l.

In developing the unit costs, we used certain criteria
in order to standardize the estimates. First, we used the
most common well diameter and depth range for each type of
well. Second, the costs we developed are those for a normal
job. Therefore, there are not costs included for additional
rig time necessitated by weather, trouble in the well,
mechanical problems, or the need for perforating and squeezing
cement opposite aquifers in wells that were not cemented top
to bottom cn the outside of the casing. It is not possible
to predict any of these situations, and their cost can be
considerable.

The remainder of this section summarizes the unit costs
and provides detailed analysis of these costs. Exhibits
IV-2 through IV-5 present the unit costs for the different
classes of wells. Exhibit IV-6 summarizes the unit costs

1 Figures for these classes reflect current practice. Numbers for
Class IV are only estimates since data about these operations are
ncvailable.
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EXHIBIT

Iv-2

Unit Costs of Plugging Class T Wells

Industrial Injection Wells
(Common_Diameter 9 5/8 inch)

Municipal Injection Wells
(Common Diameter 16 inch)

Well Well
Well Prepa- Prepa-
Depth ration Cementing Rig Total ration Cementing Rig Total
(feet) Cost ($) Cost ($) Cost ($) Cost ($) Cost ($) Cost (%) Cost ($) Cost (3$)
R - _
1,000 $ 1,900 $ 4,500 s 2,700 $ 9,100 S 6,000 $14,000 $ 2,700 $22,700
2,000 3,800 4,800 2,700 11,300 12,000 14,000 2,700 28,700
3,000 5,700 4,800 3,600 14,100 18,000 14,000 3,600 35,600
e
4,000 7,400 4,900 3,600 15,900 24,000 14,000 3,600 41,600
5,000 9,200 7,300 3,600 20,100
T‘ﬁ~__d_w_L~*_
9, 000 17,000 8,700 5,400 31,100
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EXHIBIT TV-5
Unit Costs of Plugging Class IV Wells

(Common Diameter and Common Depths Unknown;

Class IV Wells

4-1/2 Inch

Diamter Assumed for Costing Purposes)
Vel
et Well Preparation Cementing Rig Total
b (et Cost (3) Cost (%) Cost ($) Cost (8)
10 S100 $400 $1,000 $1,500
51 500 700 1,000 2,250
800 1,300 1,250 3,350




for the different classes of wells. Exhibit IV-6 summarizes
the unit costs for abandoning those Class I and II wells
which have the most commonlv occurring depth and diameter.
Insufficient data is available to define the most common
methods ©f construction of Class III and IV wells. However,
the types of construction available are similar to those

used in Class I and II, and, since Class III wells are
relatively shallow, their abandonment costs are significantly
lower.

(1) Well Preparation

The principal cost item of well preparation, other
than the work—-over rig which is treated separately, is
that of establishing the mud system. The normal range
in mud weight is from 10 1b/gallon to 20 1lb/gallon,
although some circumstances reguire heavier mud. The
cost of the mud ranges from $5.00 per barrel for the
10 1b/gallon mud to $50.00 per barrel for the 20 lb/gallon
mud. For the purposes of this study, we used 13 1lb/gallon
mud at a cost of $24.00 per barrel, and we used theoretical
quantities.l

(2) Cementing

This item includes the costs of one mechanical
plug, placement, cement, and transporting the cement
and mobile eguipment to the job site. Exhibit IV-7 shows
the costs of the cement for cementing wells of various
depths. These costs are average ones for Type 2 or
Class H cement and include a per sack service and trans-
portation charges for delivery from a base 200 miles
away. The transportation charge is $0.54 per ton/mile
everywhere in the United States except the Rocky Mountain
area where it is $0.59 per ton/mile. The cost of the
Type 2 or Class H cement, itself, without lost circula-
tion material ranges from $3.38 to $6.15 per cubic foot
{(equivalent to one sack). Other cement types may cost
as much as $25.00 per sack. Exhibit IV-8 lists costs
for cement placement. If wells are cemented top to
bottom, cementing costs for Class I roughly are a factor
of 5, and for Class II a multiplier of 2.5. However,
as noted in Chapter III, only about 15 percent of all
Class I and II wells, according to Halliburton, are
filled completely with cement.

Transportation of mobile eguipment incorporates a
mileage charge for each such piece of eguipment sent

1 In some formations, sink-holes or crevices can result in the use
of guantities significantly in excess of the theoretical guantity.
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EXHIBIT IV-7

Summary of Costs of Cement*

Well Depth (feet) Cement Used (linear ft.) Cost Per Cubic oot
To 4,000 400 $11.87
4,000-9, 000 800 12.51
9,000 - 15,000 1,200 13.60

* Includes cement,

service and transport charge
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to the job. Normally, a cement mixing and pumping unit
(cement rig) is the only mobile unit sent for this pur-
pose. The mileage charce to and from the job is $1.55
per mile in all of the United States, except in the
Rocky Mountain area, where it is $1.60 per mile.

Mechanical plugs m s, packers, or
cement retainer DLugs. permanently
installed in the well during the abandonment procedure.
They range in size from a 2-inch rubber pluc to a
l6-inch plug, and cost from $250 to approximately $6,000.
Where the Two-Plug Methcd is used, the plug catcher is
retrievable and is rented out at a cost of $150, which
would reduce the cost. For each of the Class I and
Class II wellls, the cost of one permanent plug has
been included in the cementing cost.

v be bridge plug
T u e

r
hese o)

(3) Rig Cost

This item includes all costs associated with the
work-over rig and crew used for abandoning all classes
of wells. For Class III, the work-over rig is the only
plece of equipment needed, whereas Class I and II
abandonment also requires a cemenv;ng rig. If abandon-
ment of a Class III om@ratl were to reguire a2 service

company, it would increase the unit costs in Exhibit
IV-4 as follows:

. 100 foot well - S$600
. 500 foot well - S700
. 10006 foot well - 58(0.

h

The estimated Class III costs assume a mud weight of
9 1lb/gallon and cementing top to bottom with no plug

or an inexpensive rubber plug. The rig costs shown in
Exhibits IV-2 through IV-6 represent hourly rig charges
multiplied by typical rig time on standard jobs as
shown in Exhibit IV-3.

2. CATEGORY COSTS AND INCREMENTAL COSTS

Time limitations prevented us from keing able to calcu-
late bkoth category costs and incremental costs. With respect
to category costs, although data was available on the number
of wells within categories I, II, and IIT, no data was
available either on the projected rate of abandonment nor
the distribution by depth and diameter. Collection of this
data, if possible at all, would be extremely time-consuming
and beyond the time allotted for this assignment. Similarly,
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time constraints precluded a sufficiently comprehensive
examination of current state regulation to form the basis
of even an estimate of incremental cost. EHowever, as noted
in the beginning of this chapter, we have identified a
substantial number of states which have abardonment regula-
tions covering well over half of the Class I and II wells.
With additional investigation, it is likely we would find
other states also having regulations. Consequently, 1t
appears that the incremental costs will be fairly small,
particularly when viewed in context of the larger costs
associated with well drilling, construction, and operation.
In a few instances, mentioned above, states allow plugging
materials other than cement, in contrast to EPA's proposals.
Operators in those states would have the added expense of
using only cement plugs.
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V. ALTERNATIVES FOR DEMONSTRATING
FINANCIAL RESPONSIBILITY

The proposed regulations reguire operators to demonstrate,
through a performance bond or other means, the availabilitv
of adeguate resources to finance proper plugging and abondon-
ment. EPA's principal objectives in setting this regquirement
are to reduce the incidence of improper well abandonment and
assure that 1f it occurs funds are available to the state to
carry out plugging.

EPA is concerned, however, about the objections which
industry has voiced. Approx1mately 20 commenters, primarily
gas and oil operators, stated that the cost of cbtaining
individual well bonds was prohibitive and tied up cavital
which coculd be usad for exploration and development. Furthe
thev stated that current state bonding requiremenis were
sufficient, precluding the need for a Federal reguirement,
and that tne state already had sufficient means Zor reaching
operator assets. Finally, some commenters asserted that
submittal of financial statements was sufficient for companies
with substantial assets and that, in fact, demonstration of
financial responsibkility was unnecessary.

In order to assist EPA in responding o ilndustry's
comments, we identified and evaluated altcrratives for
demonstrating financial responsibility. Our approacn include
a review of current state regulations and similar reqguirements
uncer the Resource Conservation and Recovery Act supplementac

jo)

o

by telephone interviews with well owverators, state cfficials,
and surety company representabtives.  The rowainder of this
C‘.'mm* Y (‘un ins our ewvaluaticn of the alternatives and dis-
cu noof our principal findinas,

D T T e




Some of these, such as bonds and trust funds, have several
variations. FEach operates uniquely in terms of the financial
and compliance obligations of the operator and the role of
the regulatorv agency.

(1) Pinancial Statement

The simplest alternative an operator has for demon-
strating financial responsibility is to submit a financial
statement prepared by a certified public accountant. This
statement indicates the operator's net liquid assets and,
therefore, financial stability and reliability. Federal
regulations require public corporations to prepare such
statements, and many private corporations also routinely
prepare them for tax, credit, or other purposes. A
regulatory agency's acceptance of a financial statement
reflects the agency's perception of a relationship between
an operator's financial assets and its overall reliability
in meeting regulatory obligations.

(2) Escrow Accounts

A second, more complex, alternative is the estab-
lishment of an escrow account, an account in which the
well operator deposits funds for abandonment prior to
the anticipated abandonment date. The operator may use
the funds in an escrow account only to meet abandonment
costs, and an account administrator verifies both proper
deposits and disbursements. Depending on how state
regulations are written, the operator may have to deposit
either the entire anticipated abandonment cost or a sum
which by the abandonment date will yield anticipated
cost. If the inflation rate exceeds the rate of return
on the account, the account may not contain sufficient
funds-at the time of abandonment and plugging.

(3) Trust Fund

A third alternative is for the operator to deposit
funds in trust for the specific purpose of meeting the

plugging and abandonment costs. The trust agreement,
drawn by an attorney, specifies the conditions of the
trust including its duration and trustee. The trustee

is responsible for administering the trust, which may
include investment management and planning in addition
to assuring appropriate use of the funds.

Two distinct types of trusts are individual or
industry trusts. The former is a trust fund which a
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single operator establishes specifically to have funds
available for proper abandonment of his well(s). Typi-
cally, the operator must set aside a sum equal to the
anticipated costs of plugging and abandonment. If, as
& result of the trustee’s investments, the amount of
the fund exceeds the sum required for abandonment, the
remainder reverts to the operator. Under an industry-
wide trust fund, individual cperators contribute annual
assessments which usually depend both on the number of
contributers and the rate of compliance. In contrast
to the individual trust, the funds of an industry trust
are available onlv in cases of noncompliance.

_
(4) Performance Bonds

A performance bond guarantees the operator's per-
formance of a particular obligation over a specific
period of time. According to industry, operators cannot
obtain long-term bonds. Therefore, the bonds typically
run for one year and are renewable annually. While
surety companies have the cption to cancel the bond
or change the premium, they have not done so as a rule.
The surety companv usually is okliged to notify the
state a cet nnmhor nf r?:\c: nvwmr +-m the bond's o\’rnvw‘—wgh

whether the bond has been renewed cr cancelled.

-An operator tvpicallv submits a bond secured by a
licensed surety company, althouch in some cases cperators
may deposit cash, certificates of deposit, cr covern-
mental revenue or cgeneral obligation bonds with the state
treasurer. In somne states, the suretyv companvy in cases
of nonperformance, must provide the state with elther
the amount of the bond or closure costs whereas in
cther states the surety company has the option of either

taking responsibility for abhandonment or providing the
state with the funds. It thon at:icmpts o reccver the
forfelted am £ Irom ti
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Collateral must consist of treasury bills, cash, cer-
tificates of deposit, government secured revenue or
general obligation bonds, or an irrevocable letter of
credit. Surety companies file premium rates with state
insurance commissions. Although there is a basic rate,
companies can file a discount rate which they then apply
to financially strong applicants; they cannot impose a
surcharge on financially weak companies.

2. STATE REQUIREMENTS

One objective was to evaluate commenters' objections by
determining the extent to which the proposed Federal regula-
ations would impose new obligations on operators. Therefore,
we attempted to identify current state requirements for
demonstrating financial responsibility for proper plugging.
Within the time alloted, however, we were unable to accomplish
as comprehensive a review as might be desirable. While we
identified the financial responsiblity requirements for
Class II operations in all 37 states having such operations,
we obtained only limited information on Class I and III wells.

Based on this limited analysis, we have concluded that
in some states the Federal regulations may impose a poten-
tially significant new obligation. Exhibit V-1 summarizes
our findings. For example, since Texas and Kansas are
not among the 84 percent (31) of states reguiring financial
responsibility demonstration for Class II, about 50 percent
of the wells are not subject to such reguirements. Of the
states having the requirement, all provide for performance
bonds. In Oklahoma, only blanket bonds are permissible,
whereas Indiana, Maryland, North Carclina, and Oregon allow
only individual bonds. The remainder permit both types.
The amounts of the required individual bonds range from a
low of $750 in Ohio to a high of $100,000, while the blanket
bonds range from $3,500 (Ohio) to $200,000 (Florida). West
Virginia allows escrow accounts as a substitution for a
perforamnce bond, whereas Chio and Oklahoma will accept
financial statements.

With respect to Class I and III operations, our limited
data suggests that there are financial responsibility require-
ments, and that operators most commonly comply with the
requirements by obtaining a performance bond. A few states
(Kansas, Oregon, Washington, and Wisconsin) apparently allow

the use of escrow accounts or trust funds. In general,
however, these mechanisms applv to liakility coverage rather
than to performance of specified obligaticns. Finally, states

tend to have reguirements for Class III wells similar to those
for Class II operations.
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3. EVALUATION OF THE ALTERNATIVES

We utilized three criteria for evaluating the four
finencial responsiblity alternatives:

. Cost to the operator
. Ease of implementation
. Effectiveness in promoting proper abandonment.

The first criteria takes into consideration any collateral
annual fees, and the opportunitv cost of capital. Exhibit
V-2 displays the comparative costs of the alternatives.l
Fase of implementation examines current practice and the
impact on the management resources of the regulatory agency.
Finally, the effectiveness criteria includes the extent to
which each alternative promotes operator compliance and
makes available sufficient funds in case of noncompliance.

14

In general, we found performance bonds to be the most
effective alternative. The effectiveness of other alterna-
tives apparently varies with the way states have worded their
regulations and with the vigilance of enforcement. Exhibit
V-3 summarizes our evaluation.

(1) Financial Statements

This mechanism 1s responsive to operators' concerns
with cost but is neither easy to implement nor particu-
larly effective. It is the least costly alternative
because most companies routinely prepare financial
statements as part of their business operations and
because the operator does not forgo the use of capital.
However, the regulatory agency may not have either
sufficient manpower or technical capability to carry
out the evaluations of the statements or the monitoring
of companies' financial status. In addition, a Federal
regulation that state programs include a requirement
for submittal of a financial statement would require
significant legislation and rulemaking since this

alternative is in infrequent use. Finally, the mechanism
is not a particularly effective one. Since the cperator
does not set aside any capital which might be forfeited,
there is no explicit incentive to comply. Additionally,
in cases of noncompliance, no funds are available to

the state for plugging, unless the state has a plugging
fund.

1

Appendix D describes our methodology for calculating these costs.
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EXHIBIT V-3

Evaluation of Alternatives

ALTERNATIVE

COMPARATIVE COST
TO THE OPERATOR

EASE OF REGULATORY
IMPLEMENTATION

EFFECTIVENESS IN PROMOTING
PROPER ABANDONMENT

Financial Statements

Least cost because
operator incurs no
additional costs and has
access Lo the funds

Regulatory agency has to
evaluate each operator

on a case by case basis
and monitor the operator's
financial status
frequently

Does not promote
compliance or assure
availability of funds;
operator does not set
aside funds or forfeit
anything upon
noncompliance

Per formance Bonds

Minimal cost for surety
bond because operator
does not have to post
collateral and has
access to the funds;
higher costs for se-
curity bond because
operator has to post
collateral and does not
have access to the funds

Surety company evaluates
each operator's financial
status and issues the
appropriate bond; regula-
tory agency only has to
verify the value of the
bond

Promote compliance and
assures availability of
funds,; operator forfeits
the bond in case of
noncompliance and

surety company provides
funds for closure costs

Escrow Accounts

Higher cost because
operator has to
deposit funds prior

to closure and does
not have access to the
funds until closure

Regulatory agency has

to verify the deposit

of the funds and may
have to administer the
account (that is, dis-
burse funds and monitor
appropriate use of funds)

Does not promote com-
pliance, but assures

availability of funds;
operator deposits the
funds prior to closure

Trust Funds

Higher cost because
operator has to

deposit funds prior to
closure, pay trustee to
manage the fund, and
not have access to the
funds until after proper
abandonment; industry
trust may be lower cost
than individual trust
if high probability of
compliance

Trustee manages the fund
and assures the avail-
ability of funds;
regulatory agency has to
verify the deposit of
the funds and may have
to evaluate probability
of noncompliance and
annual assessments for
industry trust

Both promote compliance by
preventing forfeiture
(individual) or reducing
annual payments {industxry).
Industry trust fund may be
insufficient if fund is
small and noncompliance
high




(2) Performance BRonds

Of the four alternatives evaluated, performance
bonds are most consistent with EPA's objective of
promoting proper abandcnment. Apparently, in practice
operators have difficulty in cbtaining bonds without
collateral; therefore, the possibility of forfeiture
provides a disincentive for noncompliance.l Furthermore,
when noncompliance does occur, funds are avallable for
either the surety company or the state to plug the well.

From the recgulatorv agency's verspective, verfor-
mance bonds are considerablv easier to implement than
other financial responsibilitv alternatives. Mcst
states which have well cperations already reguire per-
formance bonds. In addition, since the surety companv
conducts the requisite financial analysis, issues a
bond appropriate to the operator's financial status
and duration of obligation, and notifies the agency of
any explration, cancellation, or renewal of the bond,
this mechanism poses no significant technical or man-
power demand on the acency.

There 1s some evidence to suggest, however, fhat
operators do not universally obtain these bonds with
ease. Despite the theoretical opportunity for a

financially sound operator to obtain a surety bond,
apparently most performance bonds, in fact, reguire
collateral. The surety company retains this collateral
either in its lecal or home office safe until the per-
fermance conditicns are met.  According to operator

and surety company rCDrax»rtablvcs, in somc cases
operators experience cdifficulty in securing bonds even
with collateral. In Dar“lculu‘, for securitw bonds
rancing from $1,000 tc $5,000, the preriums are rela-
tively small and the Hﬁnvl*nq cf collateral or coste
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(3) Escrow Accounts

This third alternative is not a particularly
attractive one. It is guite costly for the operator
to foregce the use of the capital in the escrow account
over the extended time period between permit application
and well abandonment. As shown in Exhibit V-2, the
cost of creating an escrow account will incZude an
annual administration cost of 1 percent of the account
value, as well as the real opportunity cost of capital.
This latter cost assumes an annual real interest rate
of 2 percent on the account. Implementation of this
mechanism alsc can be disadvantageous to the regulatory
agency. It requires the agency to conduct some moni-
toring of the account and perhaps to administer the
account. In addition, the agency will have to determine
the appropriate size of the account and verify deposit
of the funds. Finally, the escrow account is only
partially effective in that it assures the availability
of funds in cases of noncompliance.

(4) Trust Funds

Trust funds, like escrow accounts, are fairly
unattractive. First, they tend to be costly, although
the exact cost will vary according to the terms of the
trust. Individual trusts which are of lengthy duration
are significantly costly because the operator incurs
not only attorney and trustee fees but also substantial
opportunity costs of foregoing capital. The operator
may be able to reduce the overall cost of the trust by
paying a higher fee for the trustee fee to actually
manage the funds and obtain high investment yields
offsetting the fees. The costs of the industry trust
may be lower if high compliance results in relatively
nominal annual assessments. However, these annual
assessments are incremental to the actual abandonment
cost whereas the funds of the individual trust pay for
closure.

The ease of implementation will depend upon the
nature of the trust. For example, industry trusts may
have selective memberships to ensure that the finan-
cially sound operators do not subsidize less reliable
ones. Thus some operators mav be unable to participate
in a trust. 1In addition, the regulatory agency will
have to monitor deposits to individual trusts and pay-
ment of annual assessments to industry trusts in ocrder
to determine whether a permit applicant who is partici-
pating in a trust sufficiently has met the financial
responsibility requirement.



Finally, the trust fund is only a partially effective
means for promoting proper abandonment. Typically, the
individual trust agreement specifies that the operator
will not have access to the funds until after proper
abandonment and in case of noncompliance makes the funds
payable to the state. Thus, this mechanism provides
little incentive for compliance but assures the avail-
ability of funds. By contrast, the industry trust
promotes compliance because high compliance generally
results in low annual assessments. However, the funds
may be insufficient in a given year to cover all non-
compliance cases.

Our principal recommendation is that since each alter-
native has both advantaces and disadvantages that EPA not
make any substantive change to the proposed financial re-
sponsibility regulations. Instead, EPA can examin

ine
practice in a little greater depth and issue extensive
technical guidance to EPA regional offices and state acencies
regarding the overation and mosi avnvropriale or effective
use of eacnh mechanism. This approach will address EPA's
concern with prreventing those cases of improper abandonment
related to insufficient funds while providing operators and

regulators with flexibilitv.






CHAPTER VI

TIMING OF ABANDONMENT






Industrv is concerned that the proposed rules reguire
abandonment immediately upon cessation of operations and
that such a requirement mav be costly. Consequentlv, EPA
requested that we examine the need for requiring immediate
abandonment. Although we found that the rules do not
specifically regquire immediate abandonment, nevertheless,
we evaluated such a reguirement and develcoped and evaluated
alternatives.

1. ANALYSIS OrF IMMEDIATE ABANDONMENT

The objective of an immediate abandonment reguirement
would be to assure proper abandonment. Based on historical
practice, it is apparent that even with governmental regu-
lation, operators may improperly abandon wells. A reguire-
ment for immediate abandonment would ease the regulatory
agency's conduct of surveillance and enfcrcement and would
reduce the possibility of loss of information on well location

and status. It also would promote consistency among state

programs. Finally, by promoting proper abandonment it would
reduce the potential of long-term grcundwater contamination.
However, st three technical and econonic
Glsadvantages rement. rirst, it would preciudc
the conversio ells into valuable observation
wells., Second allow the pressure stabpilizaticrn
necessaryv to tv of the apandonment crew and
nroper cement it 1no r's
rotential {or rnd r ecded
mineral and . T L pre

TOMDOYavy

e v e :
of oroduact




C—=IA

EXHIBIT VI~1

Timing: Alternatives to Immediate Abandonment

ALTERNATIVES

ADVANTAGES

DISADVANTAGES

Set Time Period
For Renewing
Operations or
Abandoning

Reduces Potential For Operator
Lconomic Loss

Assures Eventual Closing By
Setling Plugging Date

Can Supplement Reporting, Testing,
Or Monitoring Reguirements

Imposes Higher Surveillance Work-
load Than Tmmediate Abandonment

Marginally Increases Possibility
of Improper Abandonment

Mechanical Integrity
Test

Identifies Well Deterioration Which
Requires Immediate Abandonment

Can Supplement Other Alternatives

Reduces Potential For Lconomic Loss

Requires Periodic Testing Which
May Imposge Significant Cost

Increases Likelihood of Improper
Abandonment If Not Accompanied
By Specific Abandonment Date

Self Reporting

Keeps Agency Informed Of well
Location, Ownership, And Status

Reduces Potential For Economic
Loss

Can Supplement Other Alternatives

Increases Regulatory Agency
Surveillance Workload

Increases Likelihood Of TImproper
Abandonment

Monitoring Of Waterxr
Level Or Aquifer

Can Provide Useful Scientific Data

Reduces Potential For bLoss Of
Recoverable Enerqgy Or Minerals

Can Be Costly, Does Not Provide
Data On LEnvironmental Impacts Of
Improper Abandonment

Creates Burdensome Survelllance
Workload

Increased Likelihood Of Improper
Abandonment




cessation of operaticns and permanent abandonment. This
type of mechanism currently is in use in at least Kansas,
Illinois, Michigan, Texas, and Utah. The regulations in
these states set a maximum time period within which the
cperator nust either recommence operation ¢r abandon the
well. Usually, the regulations provide for extensions.
Each of the three other alternatives has the advantage of
easily supplementing the first alternative. However, when
used alone, they can significantly increase the regulatory
agency's survelllance work load as well as the long-term
possibilityv of imporver abandonment.
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STATE PLUG SETTINC REQUIREMENTS






STATE PLUG SETTING REQUIREMENTS

1. CALIFORNIA

producing
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IL.OUISTIANA
. 100 feet minimum across perforated interval

. 100 feet minimum plug from 50 feet below shoe

£

of surface casing to 500 feet akove

. 100 feet below deepest fresh water sand to at
least 150 feet above sand base

. 30 foct plug in top of surface casing

. 2 foot cut off space to be filled with mud;
unplugged portions of well to be filled with mud.

MICHIGAN
. Case by case as specified by state supervisor of
wells

. Plugging must confine o©0il, gas, or water to the
formation in which it occurs.

NEW YORK

. Department of State witnesses placement of
cement plug from bottom of hole to 15 feet
above shallowest producing formation

. 15 foot plug to be placed at bottom of any
casing left in hole and about 15 feet below

deepest potable water sand

. Intervals filled with mud.

. Fill hole to above producing zones with seasoned
wood plugs driven on top of filler

. Fill to 100 feet above plug, placing wooden plug
or iron ball on casing seat after withdrawal of
casing

. Cover with 50 feet of rock sediment or prepared
clay

. Seal coal seams from 50 feet below seam to 20 feet
above, with wooden plug placed on top and hole
filled for an additional 30 feet.



9.

10.

. A well through a mine must 1
r 1

feet below mine floor to
. Finish with concrete fron

top of casing with wocden

and at top of casing, and

ceoncrete placed on top of

ea
15 feet

ve casing from 30
above roof.

100 feet below mine to
plug at lower point
ancther 20 feet of
woocden plug.

OKLAHCMA

. Uncased hole: cement plugs 50 Zeet below each
producing zorne to 50 feet above base and from
a pcint 50 feet below tcp of formaticon to 50
above top of the zcne.

. Cased and cemented producing zcne: bridge plug
capped with 10 feet of cement set at top of
formation.

. All fresh-water strata to be protected bv a
cement plug 50 feet below and 50 feet above
casing shoce.

. 211 uncased heles to be filled with cement o
at least 50 feet above casing shoe.

point 20
zcne, then

. Repeat 7111
Drocuction

oroced
stratum




11.

12.

13.

TEXAS

Place 100 foot cement plug immediately above the
uppermost perforated zone or production horizon.
If perforated screen or liners cannot be remcved,
prlace plug acress zone to 100 feet zbove top of
liner.

If production casing is removed, place cement
rlug from 50 feet helow surface casing shoe to
50 feet above.

For exposed fresh-water horizons, protect with
cement plug from 50 feet below base of lowest
sand to 50 feet above top of sand.

Check plug for location by landing.

Place 10-foct cement plug at surface.

Use mud of 9.5 1lbs./gal. or better in other
sections of well.

WEST VIRGINIA

-

Fill or bridge and £fill the well to a point 20
feet above the top ¢f the lowest producing stratum

Place a sealing plug ¢f cement of cther
suitable materia

Continue to fill or bridge and fill in a similar
fashion for a1l other strata

Anchor a final plug approximately 10 feet below
the bottom of the largest casing and fill to the
surface with mud, clay, or other nonporous material

(Regulations for wells drilled through workable
coal beds differ with respect to plug placement).

WYOMING

Case-by-case according to Rules 312-315 of
Wyoming 0il & Gas Conservation Commission.
Specifically, the well must be plugged in a
manner sufficient to protect all fresh water
bearing formations and possible or probable cil
or gas bearing formations.
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TYPICAL WELL CONFIGURATIONS

There are at least four different well co
encountered during pluggince for abandonment:

I
[

n ations

igu

. Open hole with surface pipe cemented

6]

. Open hcle with surface pipe cemented and
intermecdiate string set
. Production casing cut off

. Two intermediate strincs and lirer.

This appendix exhibits each of t

iese configcurations.
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APPENDIX C

EVALUATION OF AQUIFER RPESTORATION METHODS






&. METHODS OF AQUIFER RESTLCRATION
As used here, restoration means the reduction of the concentrations of
dissolved minerals, within the lezaching field and in adzcent affectad
pcrtions of the acuifer, to an acceptazle level, based on ragulatory
considerations. Several technicues are bsing used or have teen oroposed
10 achieve restoraticn. Thus far, however, 27forts have been limited tc
siloct-scale projects. Experience and consideration of cecchemical and
ceological principles indicate that restoration of all slements and
carameters to baseline levels will be very difficulz, if nct irocssitle.
However, reastcration based on water wusa, zzcears te te possible,
£.1 GEICLCHEMISTRY COF AQUIFZR XESTORATION
n-situ leach mining takes place in an environment cf
A1l of the common trace elements zssociated with the
susceptibie to solubilization, which is likely to occ
oxidation, complexation, or repiacement reactiocns und
chemical conditions. The major elements, such as '
mzgnesium, and iron can be put intc scluticn by ¢
renclacemen 2 i i e nce resacticns b
contact ; ted |} , or v
centact ne or caching
The mobility of an elerment in the in-situ mining environment is Zefineo
in terms of the tendency for lixiviant waters to transport significan:
concentrations of the element over some distanca. 7The usual mode of
transport is as stabls, soluble icns or icnic comnlexes. Mehility wiil
cepend vpon: (1) the pH of the lixiviant, (27 :the type of complexing
zgent introduced by the leaching solution, anc {3} the efficisncy of the
netural ¢ceochemical tra capable of purging minor and trace amcunts of
deletericus elements from the lixiviant,
The extent of souifer contamination ~ay bte o celecting
lixiviants that are effective on wranium out ze the dissolutd
of associated trace elements. 2s a general rule, rure race elements
will e mobilized by acid lixivients than oy lixiviants
I , ol o
e diwivients Torm
v sensitive arsen SRS
Liar srdoo DU e

[



and¢ vanedium, whereas adsorption is mest effective with the common heavy
metal trace elements. These mechanisms can purge ground water oOF
significant amounts of contaminating ions.
Cnce solution mining has started, the mined acguifer will remein in an
cxidizing state until reducing ccnditicns are re-estaclisned. The mere
terminaticn of lixiviant injecticn may have negligible shert-term effects.
Migration of conteminated waters outside the Immediats miring-giTected
Zrea will brinag the disscived metal complexes into contect with raducad
and less altered rock where reduction and precipitation of dissolived
chemical species are likely to occur., The transition metais susceptible
to reduction rsactions will be purged from solution in prefzsrence te tie
stable zlkali, alkaline earths, and halogens. It is important te note
tnat these rescticons are anaiogcus to reactions res povsiﬁie far the
decosition of ore and associated minerals described elsewhere in this
report. indesd, redeposition has been observed where uranium-bearing
lixiviants have come into contact with reduced sandstones on the periphery
of & producing well Tield.
Table 6.1 lists the common elements susceptible tc mebilization by botf
mildly 2cid and alkaline lixiviants during in-situ leach mining and
cites the mechanisms likely to limit their mobility. Four mechanisms
sre inciuded for purposes of comparision: (1) reprecipitation reactions
as a result of solubility consideration, (2) icn exchange with commen
Tay (3} adsorotion onto hydrous iron and manganess oxides, and (&)

i reduction by means such as contact or solution with more
strata. T1he table is not intended tc be absclute; rezctions
guestionable or effective only under very specific conditions
osely omitted,

L

Techniques of leach field restoration that have bsen attempted or proposed
are: (1) pumping of selected leach field wells; (2) pumping of selected
teach field wells in combination with injection into other selectad

wells of natural ground water, recirculated treated leach field water,

or one of the above types of water with chemicals added; and (3} natural
restoraticn. In evaluating these technigues, it must be realized that,

as previously mentioned, the only existing experience with leach field
res:oration is at the pz]ot project level. Some problems with extra-
solating pilot-scale restoration results to production-scale operations
therefore exi First, the geologic a ochemical framework of the

2w
0

Mnwy O
1§

st.
pilot-scale operations may be different. or example, a pilot-scale
project might be entirely within and surrounded by an ore body, whereas
the prodch.on—scaie operation would be expected to extend to the limits
of the ore body. Second, a pilct-scale operation, because of its small
size {typically only a single five-spot array of wells), would not be
expected tc encounter the stratigraphic variations that will commonly be
found cver the area of z production-scaie cperaticn.
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6.2.1 Pumping of Selected Leach Field Wells
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£.¢
‘RETIONS DURING

RADIUM AND TEORIUM CCJ&E PESTORATION,
HIGHELAND SOLUTION MINE PILCTL)
Fadium 225 Thorium 220
Date (LCi,/ml x 1078 (uCi/ml x 1077)
OS/GI/Tul/ 12.0 $.8¢
07/04/72 2.2 i%.2
C2/04/72 1.x 21.0
0L/1g/73 21.4 c28.1
23/10/74 110.0 104¢C.0
08/05/74 - 42.0
11/12/74 4G.0 280.0
g2/04/75 8.8 87.0
05/02/75 4.4 1.0
28/08/75 12.5 .2
CS/03/75 6.8 1.2
1¢/02/75 10.0 0.3
11/032/75 14.0 3.6
12/01/75 2.0 4.3
Cl/CE/76 8.2 22.4
02/03/76 1z.2 3.4
03/01/76 8.2 .3
c4/05/76 5.2 0.1
05/03/76 7.9 1.3
06/04/76 8.6 G.%
C7/02/76 5.9 0.7
08/062/76 6.4 0.9
ce/01/76 5.6 1.0
i1C0/13/7¢ 7.3 1.4
11/08/76 7.7 2.1
12/01/76 5.6 1.0
01/03/77 7.4 .7
02/01/77 7.6 1.2
032/04/77 9.2 1.4
1/
Averace of 3 samples taken oricr to soliunticn mining operaticns
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The mc.Lt effective chemical would raduce oxicizs
P
i

with them tc forn _gnoﬁcoym comoounds. mcﬂf_amm.

suifide or sodium sulfide, appear suitable Lacause e
chemical effectiveness, snvironmental compatinility, 1
dj duction the ground-water
e ly am the maior cations and
0 ection of reducing
ield.

c
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— 0O D
(A -] .
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(13
o
~h rt

p
]
]

s
(s3]

Wyoming Miner
nigh in calci
S - i
(Figure 6.4).

als nmwmoﬁama a test at the lIrigaray site in which a solution
fum, sodium, and/or magnesium was injected to descrb ammonium
3, A

As expected, the concentration of ammonium in the
1uqo<nﬁma solution increased during injection of the ion-bearing solution
frocm about 65 to over 200 mg/l, reflecting the increassed desorption

Om ammenium, be concentration then decreasad as tne ammonium was de-
sleted. Aftie very of about L50,000 cal (1,710 =3} of fluid,
injection of treated by reverse-osmdosis was cegun to remove he
injected sali ution. After reccvery of an additional 550,022 cal
{2,080 m3) of , the m3303ﬂc~ level wzs about 35 mg/l as compared ,
with the value of 65 mg/] before the test began. 1t is cencluded that
adcitional readucticon in wall-field zmmonium values can be achieved by
injection of ine soluticn, hut that tne test failad bv a consid-
eracle margin t hieve complete ammonium removal.

6.2.3 Naturzl Restoration

Thus far, state and Federal regulatory agencies have made pumping or a
ocnu_gon_og of pumping and injection the reguired means of leaching
field restoration. No study has yet been mace to determine what the
result would be if reliance were placed upon the natural capaci ¥ the

o
ore-bearing stratum and uncontaminated ground water to restore o
partially restore the affected area.

The concept of natural ground-water cuality restoraticn may

ticular merit in uranium leaching. 1t is believed that, t

proper circumstances, mest of the objectionatle elements th

introduced or mobilized curing leaching will be removed by ion,
ion exchanga, adsorpticn, or reduction, as discussed earlie

introduction to the section.

Problems associated with the concept of natural restoration includa the
difficulty of predicting (1) the time and distance required for the
003rm:_3m~m removal processes “tc te effective, (2) the degree of
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Wyoming Mineral Corporation

with injection of treated we
water produced from the well f
unit and reinjected during the

—

mPany Known
At its |
was run through a
clean water recycle’

it

to have ex;er‘men
rigarav,
Feverse-osmosis.

test., The effective-

d

=
W bS] t

ness of the reverse-osmosis treatment of produced weil-field water is”
shown in Table 6.9. it is estimated that the concentrate containing the
contaminants comprised only 20 percent of the volume of water tresated,
thus eliminating 80 percent of the water that would otherwise have to be
disposed.®’" Obviously, injection of the treated water will achieve a
considerable reduction in the average levels of dissolved constituents
by dilution.
As discussed above, injection of treated water would be expected to
introduce oxygen into the ground-water system that will cause cont nued
oxidation and mobilization of uranium and other metals, unless some form
of deaeration is used prior to injection.

.
6.2.2.3 Injecticn of Water {ontaining Added Chemicals
An alternative resteoration technique is the injecticn of water containing
eppropriate chemicals to remove uranium and trsce metals frem soiution.
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7. WASTE GENERATION AND DISPOSAL

Wastes are generated during uranium recovery and aquifer restorztion,
though the quality and cuantity of the wastes ars variable. In general,
the process wastes have a low volume but & high dissolved solids content,
whereas the rastcraticon wastes are high volume and jow solids. Appendix D
and Secticn & discuss the process methods and rastoration methods in
detail.

Secause most wastaes will b2 either liguids or slurries, the following
methods for dispesing of wastes zssociated with in-situ leach mining

have been evaluated: (1) disposal wells, (2) linaed evaporation ponds or
tailings ponds, and (3) liquid/solid sesaration with use of the residual
water for such purpcses as irrigation. Additicnally, direct surface-
water discharge was evaluated as a potential waste-disposal method,
however, current EPA effluent guidelines prohibit the discharge to streams
of any material from uranium mills.?
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7.1 DISPOSAL WELLS

For a subsurface disposal system to be environmentally zcceptable, it is
necessary to locate a porous, permeable formation of wide areal extent
at sufficient depth to ensure retenticn of the injected fluids. A low
permeability zone should separzte the injection horizon from horizons
containing potable ground water and/or mineral reserves to pravent
vertical migration of the wastes or displaced formation brines into

these ''usable" strata.? The disposal zone should contain water with a
TD0S guality poorer than 10,000 mg/l.

7.1.1 Regulatory Feasikility

All States in which in-situ leach mining may take place have a regulatory
position that allows the use of disposal wells., The reguirements to
cocerate such wells differ considerably, although in general, extansive
preliminary data collection and engineering safeguards are necessary
Disposal wells of any type are operating only in Texas and New Mexico.
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COSTS FOR FPINANCIAL RESPONSIBILITY
ALTERNATIVES

To determine the comparative costs of the financial
responsibility alternatives given in Exhibit V-2, w

0]

. Developed discount eguations for each financial
responsibilitv alternative
. Calculated the estimated costs of each alternative
. Determined comparative costs of alternatives.
Our methodology used a standard present value analysis and
assumptions derived from discussions with crerators and
financial institutions.
1. DEZVELOPMENT OF DISCOUNT EQUATICHS
We ldentified the following factors as ones thet would

affect the cost of each alternative:

icon of the demonstration cf financial
einii
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computed for each alternative the amount reguired today to
assure the S$S10,000 for abandonment, as shown in Exhibit D-3.

A T AT YT T - ™ - . MIITT D T MM AT T TR
3. DETERMINATION OF THE COMPAR2RTIVE COSTS CF THE ALTERNATIVES

e assumed that the costs asscociated with a financial
statement constituted the baseline, since operators routinely
prepare such statements. Based on that assuzmption, wo de-
termine the percentage increase of each of the other alter-
natives over the baseline.






This report was prepared under the direction of
Dr. Joanne Wyman of Booz, 2Allen & Hamilton for the
Cffice of Drinking Water. The EPA Tasx Manager was
Mr. Russ Wright. Dr. Wyman received assistance from
Ms. Ora Citron, Ms. Elizabeth Mather, and Mr. Waltexr
Mardis of Booz, Allen & Hamilton and Mr. Vincenrt Uhl
and Mr. Cliver Lewis of Geraghty & Miller.












